Background Although tonsillectomy is the most commonly performed surgical operation for children, its postoperative effect on the immune response was a source of debate among physicians. Purpose The aim of this systemic review was study the effect of tonsillectomy on children immune response. Data sources PubMed, Medline, Embase and Cochrane Library. Review methods All relevant articles published English language addressing the effect of tonsillectomy on the immune system were included. One investigators extracted data regarding: year of the study, sample size, study design, sample size, timing of analysis, studied immune factors, result and conclusion were identified. Another investigator independently reviewed data accuracy. Results Ten articles published in about this issue that included 404 children were reviewed. All reviewed studies showed a non-significant difference between levels of indicators of the humeral immunity (IgA, IgG, IgM, C3 and C4) pre-and postoperatively. Studies that measured these indicators only after surgery, showed a non-significant difference in their levels between patients and healthy controls. Levels of indicators of cellular immunity (CD4+ , CD3+ , CD8+ , CD19+ , CD25+ , CD16+ , CD+ 56) showed slight reduction or increase in some studies but without a significant difference compared to their levels preoperatively, postoperatively at different intervals or with healthy controls. Other studies found no changes in these indicators postoperatively. Conclusion There was enough evidence to conclude that tonsillectomy has no negative affect on both humeral and cellular immunity of children
Introduction
The Waldeyer's ring located in the nasopharynx and oropharynx contains the palatine, lingual, and tubal tonsils [1, 2] . The special position of tonsils at the throat and palate make their defense cells come into direct contact with pathogens leading to immediate activation of the immune system [3] . The mucosa-associated lymphoid tissue of palatine tonsils contributes to this immune activation against both airborne and alimentary pathogens [4] . This occurs through the noticeable specific antibodies and B/T-cell activity [5] . Tonsils have an active role in induction and maintenance of oral immune tolerance to allergens [6] . which is mediated by the regulatory T cells [7, 8] , thus contributing to both humeral and cellular immune functions [9] .
The maximum immunological activity of tonsils is manifest between 4 and 10 years [10] . Adeno-tonsellectony is indicated for the recurrent acute or chronic tonsillitis or upper airway obstruction due to hypertrophy of adenoids and /or tonsils [11] . Although tonsillectomy is the most commonly performed surgical operation for children, its postoperative effect on the immune response was a source of 1 3 debate among physicians and a nonstop concern for parents [9, 12, 13] . The human immune system has two different immune responses, the first is the humoral response that involves B cells that recognize antigens or pathogens that are circulating in the lymph or blood, and cell-mediated response involves mostly T cells and responds to cells invaded by pathogens, tumor cells, or transplanted cells [14] .
The objective of the present systemic review was to assess the study of tonsillectomy on children immune response by examining studies that were published in this issue from 2009 to 2019.
Materials and methods

Search strategy
The present systematic review was carried out using Pub-Med, Medline, Embase, and Cochrane Library. Key terms related to adeno-tonsillectomy, tonsillectomy, cellular immunity, and humeral immunity were used to search for related studies that were published from January 2009 to January 2019. Abstract of all related articles addressing the effect of tonsillectomy on the immune system were reviewed. The reference lists of included articles and recent reviews which dealt with the same subject were examined.
Inclusion criteria
In consultation with an ENT expert, all relevant articles that were published from January 2009 to January 2019 in English language and its purpose was addressing the effect of tonsillectomy on the immune system were included. All included articles measure the immune response whether cellular of humeral immune or both. Our review included 10 articles that included 404 children.
Exclusion criteria
All reviews, duplicate publications, and studies done without measurement of immune factors were excluded. Only one study was excluded from the systemic review as it was mentioned that it was a preprint and has not been peer-reviewed [15] .
Data extraction
One investigators extracted data regarding: authors, year of the study, sample size, study design, sample size, timing of analysis, studied immune factors, result and conclusion were identified. Another investigator independently reviewed the accuracy of the extracted data.
Assessment of study risk of bias
Two investigators independently carried out an evaluation of the methodological quality of selected studies. Pre-specified questions for each study design were used to measure the risk of bias, and studies with a high risk of bias were not included [16] .
Results
Our review included ten articles that included 404 children; only four studies were case-control studies. All assessed the effect of tonsillectomy on children immune response. The immune response was assessed pre-and post-operatively in eight studies except one study that assessed it immediately postoperatively, and another study that assessed it postoperatively at one and at 54 months. The timing of the postoperatively analysis ranged from 1 to 54 months (Table 1) . [21] 2011 70 Preoperatively and 1 and 3 months postoperatively Santos et al. [9] 2013 29 Preoperatively, 1-2 and 12-14 months postoperatively Abo Elmagd et al. [22] 2013 30 Preoperatively and 1 month postoperatively Dai et al. [23] 2014 57 Preoperatively and 1 and 3 months Postoperatively Pidelaserra et al. [24] 2014 45 Preoperatively and up to 1 year postoperatively Cassano et al. [25] 2018 28 Preoperatively and 3 months postoperatively Serum levels of different markers were measured to assess both cellular immunity (CD3+ , CD4+ , CD8+ , CD19+ , CD25+ , CD16+ , and + 56 + ), and/or humoral immunity (IgG, IgA, IgM, C3, and C4). (Studies differ according to the immune factors measured).
The difference observed in the immune factors levels post operatively (whether decreased or increased) in most of studies was not of statistical significance and was within the normal reference ranges.
For all reviewed studies, a non-significant difference was found between the levels of indicators of the humeral immunity (IgA, IgG, IgM, C3 and C4) pre-and postoperatively [9, [17] [18] [19] [20] [21] [22] [23] [24] [25] (Tables 2, 3and 4) .
Regarding indicators of the cellular immunity, TCD4+ cell counts significantly increased shortly after surgery but were within normal ranges in three studies [9, 17, 24] . While in one studies, its level was slightly reduced after surgery, but was within normal ranges [18] . In addition, its Table 2 Reviewed studies and their measured immune factors, and results N.B. all studies concluded that there was no effect of tonsillectomy on humoral and cellular immunity in children
Studies
Studied immune factors Result
Kaygusuz et al. [17] IgA, IgG, IgM, C3, C4, CD3+ , CD4+ , CD8+ , CD19+ , CD25+ , CD16+ ,+ 56+ No significant differences between levels of immunoglobulins, complements and lymphocytes between cases and controls Zhou and Dai [18] IgG, IgA, IgM, peripheral blood T lymphocyte subsets CD3+ ,CD4+ /CD8+ ration slightly increased, CD4 + and CD8+ slightly reduced at 1 month after operation Immunoglobulins returned to the preoperative levels at 3 months after surgery Hessan and Abbas [21] IgM, IgG, IgA, C3, C4
IgM, IgA, IgG, C3 and C4 still in normal reference values post operatively Amintehran et al. [19] IgA, IgM, IgG and IgG, CD2, Cd3, CD4, CD8, CD19, CD23 and CD56)
IgM, IgG and IgA had no significant changes postoperatively IgG1, IgG2, IgG3 and IgG4 had small rises after operation CD4+ , CD23+ , CD56+ and CD4/CD8 ratio were constant Table 3 Reviewed studies and their measured immune factors, and results N.B. all studies concluded that there was no effect of tonsillectomy on humoral and cellular immunity in children
Studies
Studied immune factors Result
Nasrin et al. [20] IgG, IgM, IgA IgG slightly decreased, IgM and IgA increased compared to preoperative value without statistical significance Three months after surgery, IgG, IgM and IgA decreased in comparison to pre-operative value Santos et al. [9] IgA, IgM, and IgG,lymphocyte counts TCD4+ significantly increased after surgery but within normal ranges TCD8+ reduced yet within normal ranges IgA and IgG significantly reduced in the long run, but were within normal ranges Abo Elmagd et al. [22] CD3, CD4, CD8, CD19, C3 and C4 CD3 and CD4 significantly increased postoperatively CD8 and CD19 reduced postoperatively with no significant difference CD4/CD8 slightly increased without statistical significance C3 reduced and C4 increased without statistical significance Table 4 Reviewed studies and their measured immune factors, and results N.B. all studies concluded that there was no effect of tonsillectomy on humoral and cellular immunity in children
Studies
Studied immune factors Result
Dai et al. [23] CD3, CD4, CD8, IgG, IgA, IgM IgG, IgA significantly decreased 1 month, and recovered to the normal levels 3 months after operation No statistical significant difference in cellular immunity pre-and post-operatively Pidelaserra et al. [24] IgG, IgA,IgM No significant alteration throughout the study period Cassano et al. [25] IgG, IgA, IgM No significant alteration throughout the study period level remains constant without any change pre-and postoperatively in two studies [19, 23] . In other two studies, the level of TCD4+ was not measured [18, 20] . Regarding CD3+ , its level was slightly increased post operatively in three studies [19, 21, 22] , and was constant pre-and postoperatively in two studies [16, 22] , while it was not measured in other five studies [9, 18, 20, 24, 25] . As for the levels of CD8+ , its levels were constant pre -and post -operatively in three studies [17, 19, 23] , reduced but within normal ranges in three studies [9, 18, 23] , and was not measured in four studies [18, 20, 24, 25] .
In studies that measured the levels of CD19 + , no change in its levels was found in one study [19] , decreased in one study [23] , and returned to normal level 54 months after the operation in one study [17] , while its level was not measured in the rest of the selected studies.
Levels of CD25+ , CD16+ , CD+ 56, slight increase in their levels was found in one study but returned to normal level post operatively [17] . While its level remains constant in two studies [19, 23] , and was not measured in seven studies [9, 18-20, 22, 25] (Tables 2, 3, 4 ).
Discussion
Since 1958, tonsils were considered to be active immune lymphoid organs that produces antibodies and T and B-cell activity in response to antigens and thus contributes to both the humeral and cellular immune response [26] .
The included studies in the present review had the same aim that was studying the effect of tonsillectomy on the immune system. Four of the included studies compensated for that variability using a control group [17] [18] [19] [20] . Other six studies did the performed tests pre and postoperatively [9, 19, [23] [24] [25] , and only two studied did it postoperatively [17, 18] . On the other hand, one of the strengths of the present review is that 9 of the included 10 articles assessed the immune response post operatively in a time that ranged from 1 to 54 months. This issue was reported to be missed in previous reviews, where long-term follow-up studies were missing [26] [27] [28] [29] .
Effect of tonsillectomy on humeral immunity
For all the reviewed articles included in the present review a slight reduction of immunoglobulin (IgA, IgG, IgM) levels was observed postoperatively that had a non-significant differences when compared to their levels preoperatively [17] [18] [19] [20] [21] [22] [23] [24] .
Kaygusuz et al. [17] reported a significant reduction in IgG, IgA and IgM levels 1 month post-operatively when compared to the preoperative levels. However, this reduction did not have any significant difference when compared to the control group. On the other hand, on performing the longterm follow-up after 54 months from surgery, IgG, IgA, and IgM levels had a non-significant difference when compared to the healthy controls.
In the Zhou and Dai study [19] , levels of serum immunoglobulin returned to the preoperative levels 3 months after operation. However, the study done by Hessan and Abbas [18] , showed a normal reference values of IgM, IgA, IgG, and complement proteins C3 and C4 post operatively.
Nasrin et al. [20] reported a significant reduction in the IgG levels a month post-operatively when compared to the measured preoperative levels, but it was still within normal levels. As for Santoset al. [9] , a non-significant decrease was found in IgG levels 1-2 months postoperatively in children less than 4 years, while a statistically significant reduction was found in levels of IgG and IgA 12-14 months postoperatively; however, their levels were within normal reference ranges.
In the study done by Dai et al. [23] , there was a reduction in IgG, IgA and IgM levels 1 month postoperatively, but it returned to normal ranges 3 months later. In studies done by Pidelaserra et al. [23] , and Cassano et al. [25] , levels of IgG, IgA and IgM showed non-significant alteration pre and post operatively. In the same time, Amintehran et al. [19] , showed a non-significant changes in IgM, IgG and IgA levels postoperatively.
Abo Elmagd et al. [24] , measured serum levels of complement fraction C3 and C4 for the assessment of humeral immunity. He reported that C3 level was reduced, and C4 level was increased postoperatively. This change had no statistically significant difference when compared with preoperative levels.
The reported reduction of the immunoglobulin levels postoperatively in some studies in the present review compared to the preoperative levels, was explained by the abnormal increase in its levels before the operation due to the constant antigenic stimulus from infected tonsils [30] [31] [32] . Another explanation of the observed post-operative decrease in the immunoglobulin levels compared to its preoperative levels, was the possible reduction in production due to surgical stress, reduction in the immunoglobulin producing tissue, or the possible reduction in the antigen load [9, 20, 27, 28] .
Others explained this post-operative reduction by the effect of chronic tonsillitis which makes the palatine tonsils inflammation centers the immune system attention to this area. Therefore, when tonsillectomy is performed, it removes this focus of infection and redirects the immune system towards other ENT areas that could be infected by other pathogens [9, 17, 20, 23, 27] .
For all studies there was a return of immunoglobulin levels to their normal values postoperatively at variable intervals. An explanation of this phenomenon was the high activity of the children immune systems which make a resection of any lymphoid tissue in the pharynx a trigger for other lymphatic structures within Waldeyer's ring. This trigger was believed to be responsible for the development and maintenance of the immune response in the upper respiratory tract [33] [34] [35] [36] .
The return of immunoglobulin to their normal levels postoperatively was also explained by the possible redundancy with other tonsils from the Waldeyer's ring acquiring the function of the palatine tonsils and compensating for their removal [9, 17, 20, 23, 27] .
The constant level of immunoglobulin postoperatively that was reported by Amintehran et al. [19] , could be explained by the compensation done by other lymphoid tissue in Waldeyer's ring for their production [37] .
A previous systemic review on the same subject has found that among the 23 manuscripts studied, only three studies showed significant changes in the IgG level postoperatively [13] . However, in the same review the largest study among these 3 did not find any clinically significant effect, and concluded that this change could be attributed to the reduction in the antigenic stimulation [29] . In the same review all studies showed a non-significant change in the IgM levels, and only two studies that included 8.6% of patients showed a significant decrease in its levels, but it had no control group to compare with. As regards the levels of the IgA, the same review has found a non-significant change in its levels postoperatively, a result that was reassuring regarding the effect of tonsillectomy on the humeral immunity [13] .
Effect of tonsillectomy on cellular immunity
In the present review serum levels of TCD4+ , CD3+ , CD25+ , CD16+ , +56 showed a slight increase when measured just after tonsillectomy but were still within normal ranges in five studies [9, [17] [18] [19] 24] . As for of CD8+ levels, it showed a slight reduction but within normal ranges in three studies [9, 20, 23] , while it was constant pre and post operatively in three studies [17, 18, 24] .
In the study done by Kaygusuz et al. [17] , a nonsignificant difference in CD3, CD4+ , CD8+ , CD19+ , CD16 + + CD56+ and CD25 values was found at 54 months postoperatively, when compared to their measured level 1 month after surgery. Zhou and Dai [21] , have found that levels of CD3+ and CD4+ /CD8+ ratio were slightly increased, while the levels of CD4+ and CD8+ were slightly reduced at 1 month after operation but without a significant difference when compared to the preoperative levels.
Amintehran et al. [19] , has found that CD4+ , CD23+ and CD56+ cells and CD4/CD8 ratio were constant through the study period, and the same was reported by Santos et al. [19] , where CD4+ cell counts showed a significant increase shortly after surgery, and CD8+ showed a slight reduction but all were within the normal reference ranges. As for Abo Elmagd et al. [22] , the percentage of CD3 and CD4 and CD4/CD8 showed a significant increase postoperatively, while the percentage of CD8 and CD19 were reduced postoperatively with no significant difference with their levels preoperatively.
In studies done by Dai et al. [23] , Pidelaserra et al. [24] , and Cassano et al. [25] , cellular immunity was not statistically significant different pre-and post-operatively.
The same result was observed in a previous systemic review that included 23 manuscripts, where no study had found an effect of tonsillectomy of the cellular immunity [13] .
Previous studies have reported that cellular immunity was normalized postoperatively. One of these studies observed an increase in the response of lymphocytes to mitogens back to the normal level [38] . Another study observed an improvement of neutrophil chemotaxis postoperatively [39] .
Limitations
Of the limitations of the present review was the observed variability in the methodology of the reviewed studies. This variability included, the measured immune factors, the used tests, the age of the studied children, and timing of the analysis a matter that precluded carrying out a met-analysis. Another limitation was that some studies measured only indicators of the humeral immunity without the indicators of the cellular immunity. One of the challenges of the present review was the absence of unified normal reference ranges of the performed tests. These test values can vary according to the age of the included children and the laboratories that carried out these tests.
Conclusion
One of the strengths of the present review is that nine of the included ten articles assessed the immune response post operatively in a time that ranged from 1 to 54 months. This issue was reported to be missed in previous reviews. According to the results and conclusions of the studies included in the present review, there was enough evidence to conclude that tonsillectomy has no negative affect on both humeral and cellular immunity of children.
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